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Abstract After the maglev force (both levitation and guid-
ance forces) relaxation property of a high-temperature su-
perconductor (HTS) above a permanent-magnet guideway
(PMG) was studied experimentally, the HTS bulk was hor-
izontally moved in the lateral direction with different dis-
placements above the permanent-magnet guideway. Both
levitation and guidance force curves with lateral displace-
ment were obtained by a SCML-2 measurement system syn-
chronously. It was found that the levitation force hysteresis
after relaxation was reduced compared to the case without
relaxation, while the guidance force hysteresis curve almost
did not change. This study provided a scientific analysis for
the practical application of the bulk HTS.
Keywords Type-II superconductor · YBCO · Time
relaxation · NdFeB guideway · Hysteresis
1 Introduction
After the discovery of stable levitation of a bulk high-Tc
Superconductor (HTS) above (or below) a permanent mag-
net, high-temperature superconductor (HTSC) bulk samples
have been widely used on many applications, such as in non-
contact bearings, flywheel energy storage systems, magnetic
levitating (maglev) transportation systems, rotary and linear
motors and generators [1–6]. In particular, our previous re-
ports have shown great advances in the area of maglev tech-
nology using bulk HTSC samples for the guiding and sus-
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pending of the maglev vehicle above a permanent-magnet
guideway (PMG) [7].
Two key parameters stand out the most when studying the
mentioned maglev system, the vertical levitation force (FZ)
and the lateral guidance force (FX) experienced by the vehi-
cle, which are usually either studied experimentally, theoret-
ically and/or computationally. Theoretically speaking, there
are two parameter components that make up the integral
Lorentz force which results from the interaction between
the induced currents and the applied external magnetic field.
This paper studied the magnetic force relaxation combin-
ing the two parameters from the point of view of practical
applications. Henceforth, the influence of the relaxation of
both FZ and FX on the hysteresis losses of the bulk HTSC
above the NdFeB PMG with different lateral displacements
was investigated. During practical applications, the vehicle’s
body may become off-centered from the PMG’s centerline
for reasons such as field non-uniformity due to cooling in-
homogeneity or external disturbances. Therefore, it is vitally
important to study the maglev characteristics of the bulk
HTSC with different lateral movements for the successful
engineering application of the HTS maglev vehicle [8–10].
2 Experimental
The bulk HTSC used was a single-domain YBCO sam-
ple shaped like a disc having dimensions of 50 mm in di-
ameter and 15 mm in thickness with the c-axis aligned in
the thickness direction. The SCML-02 measurement system,
described elsewhere [11], was employed to measure FZ and
FX exerted by the HTSC bulk.
The structure and the magnetic field distribution at a
height of g = 3 mm of the PMG is shown in Fig. 1, simi-
lar to the guideway used in [12].
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Fig. 1 PMG structure and magnetic field distribution at a height of
3 mm above the PMG
The experimental processes taken to investigate the relax-
ation and hysteresis behavior of FZ and FX are as follows.
The sample had been first immersed in liquid nitrogen
30 mm above the PMG (distance between the bottom of the
sample and the surface of the PMG) for ten minutes to make
sure the sample has transitioned to the superconducting state
under field-cooling conditions. The sample was then low-
ered to a working height of WH = 20 mm and subsequently
driven by a motor along the lateral direction (x-axis) to dis-
place the sample off the centerline of the PMG by δ = 3 mm.
Immediately afterwards, FZ and FX were measured simulta-
neously for 600 s, so both of the relaxation curves of the lev-
itation force and guide force were obtained at the same time.
The same process was followed to obtain each of the relax-
ation and hysteresis curves for FZ and FX when δ = 5 mm,
7 mm and 15 mm with relaxation times of 600 s and no re-
laxation.
3 Results and Discussion
From Fig. 2 we can see that the maglev forces (both levita-
tion and guidance forces) relaxation property of HTS above
the permanent-magnet guideway (PMG) is different. Both
the levitation force and guide force of the bulk decay with
time exponentially. The normalized FZ and FX curves with
respect to their initial values (when t = 0 s) when δ = 3 mm
are shown in Fig. 2. FZ decayed more rapidly than FX dur-
ing the first 100 seconds for which, after the 100 second
mark, FZ became more or less stable retaining 95% of its
initial value, FZ(0). FX in contrast, after 100 seconds, re-
mained decreasing, but the rate of the decrease also slowed
down. Fx(600) was observed to have decayed by 4% of its
maximum initial value.
Fig. 2 Magnetic levitation and guidance forces relaxation of the HTS
bulk above the PMG
Figures 3(a) and 3(b) show FZ and FX’s hysteresis curves
with different δ during the displacement of the HTS and
right before the force relaxation. Figures 4(a) and (b) show
the variation of levitation force and guidance force at these
points during lateral displacement when δ = 7 mm. By the
variation, we can compare the variation of levitation and
guidance force’s hysteresis between the cases without and
with relaxation at a certain δ, where δ = 7 mm.
From Fig. 3, we can see that the levitation force hystere-
sis decreases with the increasing lateral displacement. But
the guidance force hysteresis increases with lateral displace-
ment. From Fig. 4, it was found that the levitation force hys-
teresis after relaxation was decreased compared to without
relaxation, while the guidance force hysteresis curve almost
did not change. For the HTSC/PMG system in the quasi-
static state, the main form of energy loss is attributed to
hysteresis losses come from the hysteretic behavior of hard
type-II superconductors when exposed to an applied mag-
netic field. And for the HTSC/PMG system, the hysteresis
of the magnetic force is caused by the change of the induced
currents in the HTSC bulk. Based on Maxwell’s equation the
induced current is related to the magnetic field difference be-
tween the applied field and the trapped magnetic field in the
HTSC bulk [13]. From this point of view, we might think
that the essential factor causing the energy loss here is the
change of the trapped magnetic field during lateral displace-
ment [10]. For the levitation force hysteresis corresponds to
a kind of energy loss. In fact, the magnetic field in the su-
perconductor was bound up at the centers of pinning, with
the form of the magnetic flux quantum, the field into or out
of the superconductor will overcome the pinning carrier en-
ergy and consume energy. This is called the levitation force
hysteresis behavior. The levitation force hysteresis is related
to the penetration depth. The greater the penetration depth
J Supercond Nov Magn (2010) 23: 1503–1506 1505
Fig. 3 Magnetic forces at different lateral displacements without force
relaxation, (a) FZ, (b) FX
of the magnetic field, the more evident the levitation force
hysteresis. From Fig. 2 we can see that the levitation force
decay with time is shrewd at the beginning of the time, cor-
responding to more energy overcoming the pinning carrier.
This is why the levitation force hysteresis was reduced com-
pared to the case without relaxation. On the other hand, from
Fig. 1 we can see that the applied field is alternating along
the lateral direction for the horizontal component which is
the field component of the generating levitation force. When
the HTS bulk was horizontally moved in the lateral direction
with different displacements above the PMG, the HTS bulk
was remagnetized. With the lateral displacement increasing,
the variation of the horizontal component of the applied field
decreased, which led to a decrease of vortices in the HTS
bulk, hence energy consumption. Consequently, levitation
force hysteresis will decrease with the increase of the lat-
eral displacements. As guidance force hysteresis is mainly
dependent on the measurement height, the guidance force
hysteresis curve almost does not change.
Fig. 4 Magnetic forces at different lateral displacement with force re-
laxation; (a) levitation force, (b) guide force
4 Conclusions
From the above, we can conclude to the following.
(1) The maglev forces (both levitation and guidance forces)
relaxation properties of HTS above the permanent-
magnet guideway (PMG) are different, while both the
levitation force and guide force of the bulk decay with
time exponentially.
(2) The levitation force hysteresis decreases with increasing
of different lateral displacements in spite of relaxation.
(3) The influence of relaxation on both the levitation force
and guide force hysteresis is different. The levitation
force hysteresis after relaxation is reduced compared to
without relaxation, while the guidance force hysteresis
curve does not change.
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